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This study examines fhe effects of initial response 
training '.and criterion training on the discrimination shift' 
perf ormance"^f. preschool children; results are discussed in ternls of 
aifferrng theoretical orientation. After an initial task involving 
either criterion training or response trainling, 109 subjects, were 
presented with either intradittensional shrift (ID) or 'extradiiiensional 
shittr (ED) problems. Subjects who failed to learn the criterion 
training task (nonlearners) were found to learn the ED shift mdte 
quickly than the ID shift. vThese reisults are best exf^ained in terms 
of mediation theory, since an explanation based on the single stage 
process would require that preferences or dimensional dominance 
increased the' initial habit strength for the irrelevant cue or 
dimension. Attention theory could also elcplainO^these results, because 
attention t^ relevant and irrelevant dimensions determines the ease 
of shift learniB^ The response-trained group, after 10 trials of 
T^einforced motor training, learned a reversal ^ID) shift more rapidly 
thdn th^ ED shift. This finding can be explained in 'terms of 
attention theory, becfcbpse alteration of orienting probabilities would 
result in shift performance demonstrated by children who went through 
all the^ work of attaining' criterion. Since, such results are not w(ill 
ex]f)lained by mediation theory, the attentional model of children's ^ 
'learning is supported. (GO) 
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-Theory and method interact in the area of human problem-solving. Theoretical 
assumptions originally stimulated the use of a discrimination shift paradigm, whil 

research using that paradigm has-^, in tur'n, guided the reformulation and^ developmeJjt 

» • f 

of theory. The focus^of the discrimination shift paradigm 's^the transfer of learjln- 
ing from. an initial discrimination task to a second discri mi oat i.On or shift task. Ij 
•The stimuli used in both learning tasks usually incorporate two or inore bfnary- i 
valued dimenslorvs. Children initially learn that one cue is rewarded or correct, 
after wKich^the reinforcement contingency is altered so that a previously irrelevtJnt 
cue is now correct on ev§ry trial. If the relevant cues in the two learning taskt , 
are from different dimensions (e.g., green, a color, is correct in initial learning 

0 

while large, a size. Is correct in the shif,t task), the shift is labelled extra- 
djmensional, ED, or nonreversal. In an I n trad I mens lonal , ID, or reversal shift, the 

same dimension is relevant throughout both tasks, but the Initial reward contingency 

(That Is, ''smair' Is correct initially and then 'Marge" Is made cor^- 

^^\^f^rect In the shift task, while color continues to be Irrelevant). Typically, subjects 

lij^us'^t attain a specified criterion of corre^ responses In each task in order tO 

aj^^ume Vhat th&t task has been learned. Subjects who do not^reach the criterion are 

o considered to be rionlearners. 

.^■■^ Typlcal'ly,v«chl Idren who do not reach criterion on the'origlnal learViing task 

of a shift; paradigm' are dropped from the experiment (e.g."^ Caron, 1969)- Sometime, 
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however. Investigators have used a "special training" procedjare such'as telling the 
child the solution in order toavoid bias through selective sampling of subjects Qy 

■ ■ •■ • 

eliminating nonlearners (e.g., Dickerson, 1 966) .Chi Idren who learn an initial dts- 
crimitiation mtght Ije responding to their preferred dimension, .thus attaining 
criterion. Nonlearners, ont^ the other-hand, might have been assigned (presumabl'y by 
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chance) to their nonpreferred dimension and were unable to at.t'ain criterion. Thus 
children who are admi n'i steccd the second' tasl< will be pverrepresented by t'hosc who 
responded to the preferred dimension in- initial learning. S^cli chilSjren should^ con- 
tinue to respond to that dimension, facilitating reversal learning. SeVeral. studies 
have 'shown- that learning is faster when the preferred ditr.ension is re 1 evant ^(c. f . , 
Smiley & WeiT,I366; Seitz & Weir, 1971; Wolff, 1966). The special training pVoce- 
dures used by other investigators tfries to overcotne bids by promoting criterion per- 
formance by children responding to non-preferred dimensions. BTank (1966) found that 
such speci.ally trained children typically learned an ID sh^^ft more slowiy, sup^porting 
the assumption that the absence. of original task^nonl earners in the shift task can 
bias t\\e results in favor of reversaJ shifts being easiar. 

Precisely how auch special training ^faci I itates pej/formancf ha^ ye-t to be de- 
fined, but the two theoretical positions most relevant to discrimination shift learn- 
.ing--the mediation theory pi;oposed by the Kendlers (1962*. 1970) and the attention 
.theories proposed by Zeaman and House (1963), Sutherland . (l 959) and'^thers'-are both 
concerned with the relative difficulty of the reversal and nonreversal .shifts. 
Attention theories seem to incorporate the behavior of nonlearners more easily. 
Assume that the child learns a chain o^at least two responses whp^ solving a multi-, 
dimensional discrimination. First, the child'laarn? to attend to the re 1 evant .d i men- 
sion. The correct instrumental response for t^(e positive stimulus of the relevant 
dimension then is learned. The relative difficulty of the reversal and nonreversal 
shifts i.s related to the probability of attending to both the relevant dimension in 
' the shift task and using the crorrecl^^ instrumental response in that task. Since the 
.relevant dimension for a reversal ^is the same in both tasks^ the probability of 
attending is high and onjy the i nstrumenta 1' response must be changed. An ED cr'nqn- 
reversal' shift requi red 'that both attending and instrumental r'esponsea be relearned. 

The original task nonlearner has probably not learned to attend to the relevant di- 

>^ • ^ 

* mension. Preferences, or perseveration responses, may both be examples of attending 
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to an inappropriate simulus or dimension. Special training shbuld be successful to 

the extent that it increases the probability of attending to the relevant dimension 

^' * ^ * 

Mediation theory is less clear about nonlearning. The Kendlers (1962, 1970) ' 

.postulate two levelsy^in the ontogeny of learning. Firs^ c6mes direct stimulus con- 
trol, of Uehavior through learne<( S-R associations. Since fewer simple' approach and 
avoi^dance associations need to be relearnedvin the ED#hift, it is learned mQ>-e * 

rapi-dly by yoljng children. T+ie second level incorporates a two-stage mediation 
model which accounts for the^. behav igr of ^bjects six ^ears and older, who learn a 

.reversal more quickly. The external stimulus evokes an internal, usual ly' covert , 
mediating response that produces its own infernal (covert) stimulus or cue for arr 
external response. , The reveVsal shift is learned more quickly by. older children 
because the. same mediating response is appropriate for both inibial and shift 
learning tasks.. Jn the 1970 paper, the Kendleps i ncorpor^ed' the^ f i nd i ngs of dimen- 
sional* preference shift experiments into mediation theory. Dimensional preferences 
were interpreted as increased behavioral potentials applicable to-simple S-R a$so- 
ciations. If^nonl^arners are assumed to be sfngle-unit S-'R respon^ers or non-media- 
tor^, *they could eventually learn a d i sof i mi na t4on after overcoming Initial differ- 
ences j/i excitatory strength (i.e., preferences). Special tra ining" would be effec- 
tive only to the extent that excitatory potentials were man i pul ated* or changed. On 
ft 

this basis, it couId.be concluded that nonlearners could not.be mediators if pre- 
ference or perseveration behavior was in evidence. ■ 

The purpose of the present paper was to examine the effect of a minimal type 

of special training on children's discrimination ihift performance.' Additionally, 
We were concerned with the effect of including nonlearners in shift experiments. 

Finally, In order to provide some test of mediation .theory hypotheses dnd attention 

theory hypotheses, preschool children served as suljjects. Children at this age 

should dononstrate single unit performance (nonreversal easier than reversal) 

according -to the Kendlers. Since attention theorists generally do rifet postulate 
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age differences, they \r(oul*' pred ict that the revef-saf" would t>e easier. iF^rom our ov/n 
point of view, a fpinimal train'ing procedure-- i f designed to increase the probab i 1 i ty 
of attending^ to the relevant dimension without altering response strengths--shou4id 

produce learning and performance similar to that of other children wh^ reach cri- 
terion. Children who fail to reach cr i ter" Ion , on the other hand, when administered 
a sKift task- should be quite different from learners..' Presumably theSe children 
never lea^nned to attend to* the correct dimension, an.^ probabl y. tont i nued to attend 
to th^ incorrect dimension. Thus, thfey should reverse the pattern of results seen' 
iAx.\\ children who learn. ^'vedlation theory seems to call for no difference in learn- 

r ' ■ . . 

ing Reversal or nonreversa 1 shifts by or Iginal, task nonl earners . Ag^l^i, f^^^ fifty 

or more trials, the strengths of , the S-R units assoc^Iated Vl th both dimensions and 

^ * • 

all cues should be about equal from equal reinforcement. 

Specif ical ly, we took an attentlonal^point of view, ar>d expected that children ^ 
who l-earned the initial task would learn a reverJal more quickly.- For children who:^ 
probability of attending to the relevant dimension was increased by special training, 
a reversal should also be easier. Nonl earners, however, s\\o^li^^^e,^rv\ the nonre^versal 
shift more qurckly. 

METHOD 

Subjects. 109 preschool Children (6J male, ^8 female) ranging in age 'from i|0-66 
months (mfean CA, 55,9 mos . ) participated. The children were from\a day care center* 
and an university nursery school. S_s in both groups were predom^tant^l y white, middle 
class and from a small Midwest city. . 

Prcfcedure, The children were assl^gned randoml y " to the type of initial training con- 
dition with approximately one-j>liird (n-37) in the response-trained condition and the' 
-balance (n»72) in the cr I ter ion-t ra ined cond 1 1 k)n , For the or I ter lon-tra iped Ss , a 
standarjl two-choice d i scr i m rna t it)n procedure was yused in the initial task. The crK- 
ter^on was 10 consecutiVe correct, responses within a maximum of ^8 trials. For the 
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response-trained coaditLon, the initial task was ten trials of reinforced motor 

* ' ^ 

training; This presumably directed the attentipn** of J|[he child to the relevant cue. 

The pointed to* the cqrrec-t stimulus telling the child to "put your finger on this 

one-." The did not label the stimulus in any way. When/ttT^^ po i nted to the cue 

QS directed, positive reinforcement was given. 

Within the i n i t i a 1 • tra i n i ng task conditions, approximately half the ^s were 

assigned randomly to each shift type, ID or ED: For all groups, the shift task cri- 

terion was 10 consecutiA/e correct responses within a maximum of ^8 trials, ^he con- 

ditions were counter-balanced for cues reinforced in both tasks.' The stimuli varied 

dSong two dimensions, each with two cue values: size (large, small) and color (green, 

' orange). The stimul i objects were made of construction paper cutouts Hhich were v' 

* * ( * ^ 

mounted in pairs on solid white 5'*' x 8" index cards,. Throughout , «a 11' ciiildren v/ere 

gij/en noncorrect i ve positive reinforcement (the verbal statement "right" and a marble) 

for each correct response. A summary of the experimental design is (JTesented in 

Figure 1 . * • • ^ . 
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. I-NITIAL LEARNING TASK 



■ TYPE OF TRAINING 



PEJiFORMANCE LEVEL 



Learners (CT-Ls) 



Cr i te.r ion-Tra i n i ng 

(cf). 



SHI FT' TASK 



in-17- 



n=3l 



n°72 



NonLearnei^ (CT-NLs) 



n^l ^ 



n=20 



Respon'se-Tra i n i ng 
(RT) 



ERje37 



/ 
r 



n°21 



n=l9 



ID 



EO 



ID 



ED 



ID 



ED 



RESULTS ' 
; ... * / 

The dependent variables for' both the initial liearnin^ and shift tasks were the' 
^mean Trial-of*Last-Error: (TLE) and mean)Total Error (TE) scores. Separate' analyses 
indicated a similar pattern of results, so only th^ T^E analyses wj qiven here/ 

Two Initial training level groups wbre forme^d artificially from the Criterion- 
Training condition. Subjects with-in the CT condition were assiqhed to* either the 
Learners (Ls)^ or Nonlearners group. One-way ANOVs/on the chronological age data 
indicated no significant difference between either CT condition, or between these - 
and the Response-Trained gropp. (Table 1) ' ' . 

Table I. CA data for each irritial training group. ' . ' * 



Mean 



S.D. 



range 



CT-Ls. 
CT-NLs 
RT 



55 .90 .jnos. 

56.^07 

55.87 



3.27 mos, 

6.51 



r 



Initial Learning Task. Forty-one (57%) of the children in the CT condition failed 
to learn the initial discrimination. T^his figufe was consistent wjtb the percent- 
ages of nonlearners reported by other investigators (e.g., Eimas, I966; Trabesso, 
Deutsch e Gejman, }966: Brown S Scatt, 1972). The means of' the groups on the ini- 
tial learning task reflected the post-experimental division of the sub^ectsf 

Table 2. Initial Learning Task Data: TLE and TE scores. 

■ tli : ■ — : TE 



GROUP 


n 


mean 


S.D. 


range 


megn 


S.D. 


range 


CT-Ls 
CT-NLs 




12.'»8 . 


12.67 
1 .0'» 


(y-38 


^ 6.03 


5.89 
6.15 


0-1,9 



The mean error scOr?^. over blocks [h blocks of 12 trials *e^ch) aVe presented In 
Figure 2. ^Inspyction of the figure discloses a 'derrease over trials for the CT-Ls*. 
The error scor^es for the CT-Nis decreased si ight Jy. only ov/yr the first two trials 
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Figure 2. Mean errors over blocks for the initial learning task. - > 

'The ^choice responses of 'the children who did not attain criterion on the 
initial learning task were examined to determine if Learning strategies had been 
"^y^used. Nineteen of the h\ CT-NLs utilized a consistent strategy (perseveration). , 
Eleven children chose one of the irrelevant stimulus cues, anci the other 8 responded 
to a position cue. The response protocols of the other CT-NLs'were not ca tegbf izabl e 

Shift Task . Learning. The mean Tr ial -of-Last-Error scores {Table 3) on the ID shift 
were lovyer for the CT-Ls and RT conditions. The pattern was reversed for the CT-NLs, 
who did better on the £D shift. ^ 



Table 3- 


Shift task: 


TLE data 


for all shift 


groups . 
















ED - 






mean 


S.D. 


range 


mean 




, range 
















CT-Ls 


17.82 


18.3'» 


0-'»8 


'»1.86 


' 1 1 .58 


13-'<8 


CT-NLs . 


^41 .30 




0-'»8 


26.52 


20.'»8 




RT 


,2*.. 95 


19.78 




37.50 


* '17.3- 





■^^^ least squares*3 X 2 Analysis of Variance for unequal cell frequerrcies ^Vlner^ . 

» fc 

1962) was performed with the mean TLE scores as dependent variable. The Independent 
variables- were Initial Tralnlnq Level (Criterion Learning, Noncrlterlon Performance, 
Response-Training) and Shift Type (IQ, ED). The Interaction between the type of 
shift task and initial training performance level was significant (Tab-le ^). 

Table k. Shift Taskr^ANOV for Initial Training LevePand Shift Type 



Source 


SS 


df * 


' MS 


F , 


"X P 


A (Shift Type) 


819. 2'» 


1 


■ 819. 2'» 


2.66 • 




B [initial Training 


Level) "^8.82 


2 


199. '♦I 


0.65 




AB 


, 7308. k\ 


2 ■ 


365'*. 20 


.1 1 . 85 


.001 


Error 


31755.07 


103 / 


308.30 







The intergroup differences were examliWd using Duncan's Mu I t'l p I e-Range Test (Bruning 
6 Klntjj, 1968).. Within the CT-Ls and RT groups, performance was significantly better 

significantly better on the ED shift,- 
The, error data were analyzed ^n a I east- squares 3 x 2 x ^ ANOV with repeated 
measures (V/iner, 1962). The variables. Initial Training Level and ^Ift Type, plus* 



on the ID shift. The CT-NLs did 

\ 



Blocks over Trials blocks of 12 trjals each) were Involved. Only Tr la I s ^y I el ded a 
sipniflcant maln'fefffect. *The interaction between the sfHft type and initial traininc> 
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* \ level (confirming the results of the 3x2 analysis of TLt scores reported above), 

and the .triple interaction among shift type, l/tfV^?+5-&fMnI tial training, and trials 
were also significant, Th^ data representing the triple interaction afe presented 
in Figure 3. Two groups of cgrves are jUi st I ngu I sliab Ve . One group of curves 
(CT-Ls-ED, CT-NLs-ID, RT-ED) maintained a high error level fairly consistently , r\ 
throughout the shift'^task. The oTher group of curves decreased over all k blocks.'^ 
•The performance of the two NLs groups contributed most to the significant interaction. 
The res$)on^^' patterns were analyzed for all nonlearners on ^he shift tas^k. 
, Again, as in the Inl tW learning task, many of the chlldre^ ev idehced>persevera t Ion 
patterns to either an irrelevant cue or* pos 1 1 Ion . Six NLs attaitied criterion on the 
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shift task be'cause, by ^ance, they Were swltchep^t^ the cue per'severa t><i-cn- th^ 

initial task and thus learned the shift task Immediately. Four/of these -Ss were in 

the ED group and ccnU^^ccount fqr that group's better perfoyfnance. 

Table 5- ANOV ON Sh'ift\type, Initial Training Level, ancJ^BIocks of Trials for the 
shift task. ' • < 



Source 



c c 


A f 


MC 


I C 

1 ^ r 


"6396.50 


108 


$ 


) ^ 




2 


1 .Ik 


0.07 


^.99 ■ 


,1 • 




^ 0.20 
79.28 


3903.27- 


2 


195I..63 


2535.51 


103 . 


2V.61 




' 1^56.75' 


^327' 




4 


106. 25 


"3 


35.^2 


9126 


18.77 


6 ■ 


3'.1> 


0.82 


'26.55 


3, 


8 '.85 


2.31 


123.96 


6 


20.66 




1 181 .22 ^ 


309 


3.82 • 





Between Subjects 

A ( Inl'tla I Tra Lning 
Level ) 

B (Shift Type) 
AB 

Subjects within groi/ps 

Within Subjects 
*C (Trials) 
AC 

1 

BC 

ABC 

C X Subjects within 
groups 



.001 



,001 



.001 



Figure 3. Heah errors over blocks for the shift, task, 
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BLOCKS OF TRIALS 
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DISCUSSION ' . ' . I 

Only those* Chi Idren who failed to learn the in i t iaU'task I earned the ED shfft 
more 'qui ckjy. ^Both th>2 learners and response.-trai.ned dhildren learned the rever- 

nxDre quickly. Other invest igators^ (e.g;>, Cac^^^n^ 1 969 ; Dickerson, I966) also 
have ^fourid that young childi*en do learn an ID shift inore rapidly, so these find-, 
ings are hot unique. - - 

Mediation theory explains the behavhor of the nonlearners. The single-staqe 
process would incorpo\ite such behavior into its scope as a functioh of e>#cita- 

to'ry tendency oniy if ppfeferences or dfmensional dominance increased the initial 
* . ** 

habit strength'foc the irrelevant cue or dimension. Since the Kendlers assumed 
that children exhibiting preference behavior are respond i ng" accor<d i ng to a 

single-stage process, and single-stage learners learn* ED shifts easier, the 

* - , • 

findings are consistent so far. Attention theories also predict our results thus 

far. Attention to relevAant and irrelevant dirnensions deterrrtine the ease of shift 

Mearning In the manner our results have shown. 

The crucial^ group is the response-trained group. The attention theories can 

gpcp-unt for the performance of ^the responSe-trained children more easily^than can 

^ mediation theory. Response training Med to shift learning identical to that by 

children who reached criterion. Responding Jjfcjhe "irtitial learning task" for 

these children was passive.^ They were told only to point to a specific colored 

square on a stimulus card. We did not say the name of the color or the size of 

the squ<ire*-onIy "point to this one/' Then we said "right" and ''gave a marble. V 

The experimenter's behav ior^cou I d 6as 1 I y be interpreted as rewa^d for following 

instructions. For> the child, it Is unlikely that she mac^e any covert mediationaT 

response. -Yet the sh 1 f t* pe/formance by these children seems to demand that 

covert respon5e--they did learn ^eversalV^hTf t more rapfdiy. * For "an attention 

theorist, those children's behavior is to^ bS--a^pected, Zeaman and House (I963) 

r 

and others^argue that learning is a function of the probab 1 I i ti| of attenu Ing. to 
^ the /elevilO^^i mens ion. The passive responding we elicited could also elicit,- 



at hrost, a. simple orienting *o th'ip stimulus. Such an alterat'ion of orientinq pro- 
.babllltles, then, resulted la shift performance Identical to that of .chl Idren >/Fio 
went through alJ of the "worM' of attaining criterion. 
^ , On balance then, Wr resul ts. favor ajiattent Ipnal model of children's learn- 

ina. ^nUe fact that youog ch I Idrfein who attained criterion learned the reversal 
frtore quickly is unusual (according to mediation theory) but not rare. As Cote 
and Medin (1-973) have pointed out, yoyjng children can mediate. (The questions ' 
are^when and why)'. Also, why some children this young should mediate and others • 
• not mecj I at4i(non learners) -is not clear froro a mediations! model T For an attention 
model, these tvy9 groups simply represent children with different orientlngVes- 
ponses. Finally, t^he response-trained children are a problem for mediation theory, 
bejt n5t for the attent fon^jpodel s. Jn future researchijl^e hopr-fo look further at 
such^re-lear/1 ing man I pufat ions of attention. 
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